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Description 

[0001 ] The present invention relates to shaped foam- 
able structures that can be used, for example, to fill a 
cavity of a hollow structural member and to reinforce the 
hollow structural member. The present Invention also re- 
lates to shaped foamable materials and attaching devic- 
es that can be used to support the shaped foamable ma- 
terials in a closed box-like hollow structural member 
constructed from a plurality of plates, such as rocker 
panels, pillars and roof side panels of a vehicle body. 
After being expanded, the foam material increases the 
damping and sound insulating powers of the hollow 
structural member and increases the strength and rigid- 
ity of the hollow structural member. 
[0002] Japanese Patent Laid-open Application 
N umber 8-20B871 , and its corresponding US Patent No. 
5,631 ,304 describes a foamable material for filling and 
reinforcing a hollow structure. In particular, a foamable 
material having block-like structure is taught and the 
block-like structure preferably has the same profile as 
the interior of the hollow structure. The block-like struc- 
ture is placed against the interior of the hollow structure 
and heated in order to expand or foam the material, 
thereby filling and reinforcing the hollow structure. 
[0003] US-A-3,834,962 discloses a shaped foamable 
structure in accordance with the precharacterizing part 
of claim 1 . It discloses a structure in which a foamable 
material is applied to non-foamable reinforcing strips, 
optionally in spaced individual areas thereof. An activa- 
tor may be present. 

[0004] It is an object of the present teachings to pro- 
vide improved filling and reinforcing shaped foamable 
materials for hollow structures. Preferably, by modifying 
the exterior shape of the shaped foamable material, the 
time required to completely foam the shaped foamable 
material can be significantly reduced. In addition, It may 
be possible to improve the expansion properties of the 
shaped foamable materials. 

[0005] One aspect of the present invention provides 
a shaped foamable structure for use in a hollow struc- 
tural member, comprising a shaped foamable material 
comprising a plurality of interconnected foamable piec- 
es and having clearances between adjacent foamable 
pieces for facilitating uniform heating of the shaped 
foamable material, characterised in that the foamable 
pieces are interconnected by foamable connecting piec- 
es or foamable connecting means. 
[0006] Another aspect of the invention provides a 
method of forming a foam product within a hollow struc- 
tural member using a foamable structure as above in 
comprising the steps of: 

fixing the shaped foamable material Inside the hol- 
low structural member such that the exterior of the 
shaped foamable material does not contact the in- 
terior of the hollow structural member, and 
heating the shaped foamable material and the hol- 


low structural member, whereby the shaped foam- 
able material expands to fill and adhere to the inte- 
rior surface of the hollow structural member. 

5 [0007] One or more support members or attaching 
means may be provided to position the interconnected 
foamable pieces within the cavity of the hollow structural 
member. The interconnected foamable pieces do not 
contact the interior surface of the hollow structure. In- 
fo stead, only the support members or attaching means 
contact the interior surface of the hollow structure. 
Therefore, the interior surface of the hollow structure 
can be painted after the foamable pieces are mounted 
inside the hollow structure, and before expanding the 
13 foamable pieces, because the foamable pieces do not 
block or cover the interior surface of the hollow structure. 
[0008] With such interconnected foamable pieces, 
external heating for expanding the shaped foamable 
material can be effectively conducted throughout the en- 
20 tire shaped foamable material. That is, the clearances 
provided between the foamable pieces allow the entire 
shaped foamable material to be quickly and uniformly 
heated, thereby ensuring that the foam pieces expand 
at the desired ratio in a short amount of time. 
23 [0009] Such a shaped foamable material Is particular- 
ly advantageous for a hollow structure having a relative- 
ly large cross-sectional area, because the shaped foam- 
able material should have a correspondingly large 
cross-sectional area, so as to sufficiently fill the hollow 
30 structure cavity after expansion. The clearances provid- 
ed within the present shaped foamable materials con- 
siderably reduce the time that it take to completely foam 
or expand the shaped foamable material compared to 
foamable materials having a block shape. For example, 
35 if a block-like foamable material is utilized for a hollow 
structure having a particularly large cross section, the 
center portion of the block like foamable material may 
not sufficiently foam or expand. 
Such problems can be overcome by the present shaped 
40 foamable materials. 

[0010] In one aspect, the interconnected foamable 
pieces of the shaped foamable material can be integrally 
formed by injection molding. This alternative provides 
an easy to use shaped foamable material, if the cavities 
43 of the hollow structures have uniform lengths. In the al- 
ternative, the interconnected foamable pieces can be 
separately formed. After forming the individual pieces, 
the foamable pieces can be interconnected by a variety 
of means for connecting the foamable pieces. There- 
to fore, the length of the shaped foamable material can be 
easily changed, if necessary. 
[0011] In the course of further researching the foam- 
able materials described in US Patent No. 5,631 ,304, it 
was discovered that the expansion or foaming proper- 
35 ties of the foamable materials could be remarkably im- 
proved by modify the shape of the foamable materials. 
In particular, it was found that a fin like foamable struc- 
ture can be quickly expanded using external heat. This 
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fin like structure will expand into a uniform foamed struc- 
ture that provides excellent sound proofing and reinforc- 
ing properties. Other types of structures that improve the 
uniform heating and foaming capabilities of the foama- 
ble materials are naturally contemplated by the present 5 
teachings. 

[0012] In addition, the block shaped foamabie mate- 
rial of US Patent No. 5,631 ,304 is mounted onto the sur- 
face of the hollow structure before expansion. However, 
if the hollow structure has not been painted before the 10 
block shaped foamabie material is placed inside the hol- 
low structure, the portions of the hollow structure interior 
can not be painted to protect the hollow structure interior 
from corrosion. That is, if the foamabie material is 
mounted directly onto the interior surface of the hollow 
structure, the foamabie material may block the paint 
from reaching the portions of the interior surface of the 
hollow structure. 

[0013] Therefore, in order to provide an improved 
shaped foamabie structure, one or more mounting de- 20 
vices may preferably be used to provide a clearance be- 
tween the foamabie structure and the interior surface of 
the hollow structure. Thus, the hollow structure can be 
assembled with the foamabie material mounted inside 
the hollow structure using at least one mounting device, 25 
such that the foamabie material does not cover or block 
any interior surfaces of the hollow structure. After paint- 
ing the interior of the hollow structure, for example by 
dip painting, the foamabie material can be heated to ex- 
pand and fill the hollow structure, in this case, the inte- so 
rior surface of the hollow structure has been painted to 
prevent corrosion. 

[0014] As a result, the foamabie materials are prefer- 
ably shaped for hollow structural members, such that 
the shaped foamabie material is formed from a plurality 
of foamabie pieces that are arranged with desired clear- 
ances and are interconnected with each other. Prefera- 
bly, an attaching means is utilized to position the shaped 
foamabie materia! in a cavity of the hollow structural 
member. The shaped foamabie material may preferably *o 
be disposed within the cavity of the hollow structural 
member in such a way that the foamabie pieces of the 
shaped foamabie material are arranged along the lon- 
gitudinal direction of the hollow structural member. Most 
preferably, the shaped foamabie material has a shape 
appropriate for a rocker panel of a vehicle body. 
[0015] The foamabie pieces of the shaped foamabie 
material may be integrally formed by injection molding. 
In the alternative, the respective foamabie pieces of the 
shaped foamabie material may be separately formed so 
and then interconnected to provide an easy to use 
shaped foamabie material. For example, the foamabie 
pieces may be interconnected with a connecting means, 
which for example may be a tenon and a corresponding 
mortice provided on the opposite surfaces of each of the 
foamabie pieces, respectively. The tenon and mortise 
may have any of a variety of corresponding shapes. 
[0016] In addition, methods of using foamabie mate- 


rials are taught. For example, the shaped foamabie 
structure may be disposed inside of a hollow structure 
and the shaped foamabie structure and the hollow struc- 
ture may be heated, thereby expanding the shaped 
foamabie structure. Preferably, a cross-linked, rigid 
foam structure is formed within the hollow structure, 
thereby providing sound dampening properties and re- 
inforcing the hollow structure. Various compositions 
may be utilized to form the shaped foamabie structure. 
Further, means for expanding the shaped foamabie 
structure, other than heating, maybe utilized. Addition- 
ally, one or more support pieces may be utilized to fix 
the shaped foamabie structure inside the hollow struc- 
ture, so that the shaped foamabie structure does not 
contact the interior of the hollow structure. Moreover, the 
hollow structure may optionally be dipped in a paint bath 
after the shaped foamabie structure has been placed 
inside the hollow structure, but before the shaped foam- 
able material is expanded. 

[0017] For the purposes of this specification, the term 
"foamabie" is used to describe materials that can be ex- 
panded in size by means of an external energy source, 
such as heat. Thus, a "foamabie" material is capable of 
expanding to form a foam like structure. The expansion 
ratio typically can be adjusted by adjusting the various 
compositions utilized to form the foamabie material. 
[0018] Each of the additional features and construc- 
tions disclosed above and below may be utilized sepa- 
rately or in conjunction with other features and construc- 
tions to provide improved shaped foamabie materials 
and methods for making and using such shaped foam- 
able materials. Detailed representative examples of the 
present Invention, which examples utilize many of these 
additional features and constructions in conjunction, will 
now be described in detail with reference to the draw- 
ings. This detailed description is merely intended to 
teach a person of skill in the art further details for prac- 
ticing preferred aspects of the present teachings and is 
not intended to limit the scope of the invention. Only the 
claims define the scope of the claimed invention. There- 
fore, combinations of features and steps disclosed in the 
following detail description may not be necessary to 
practice the invention in the broadest sense, and are in- 
stead taught merely to particularly describe some rep- 
resentative examples of the invention, which detailed 
description will now be given with reference to the ac- 
companying drawings. 

[001 9] The invention will be further described by way 
of example with reference to the accompanying draw- 
ings, in which: 

FIG. 1 is an exploded perspective view of a shaped 
foamabie material for a rocker panel according to a 
first representative embodiment of the present 
teachings; 

FIG, 2 Is a vertical sectional view of the shaped 
foamabie material disposed in a cavity of the rocker 
panel before the shaped foamabie material is ex- 
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panded; 

FIG. 3 is a sectional view taken along the line Ill-ill 
in FIG. 2; 

FIG. 4 is a vertical sectional view of the shaped 
f oamable material disposed in the cavity of the rock- 
er panel after the shaped foamable material is ex- 
panded; 

FIG. 5 is a sectional view taken along the line V-V 
in FIG. 4; 

FIG. 6 Is a schematic view of a vehicle body show- 
ing the position of the rocker panel; 
FIG. 7 is a perspective view of a shaped foamable 
material of a shaped foamable material for a rocker 
panel according to a second representative embod- 
iment of the present teachings; 
FIG. 8 is a vertical sectional view of the shaped 
foamable material disposed in a cavity of the rocker 
panel before the shaped foamable material is ex- 
panded; and 

FIG. 9 is a perspective view of a modified form of 
the shaped foamable material according to the sec- 
ond representative embodiment. 

[0020] A first representative embodiment of the inven- 
tion is shown in FIGS. 1 to 6. As shown in FIG. 6, a rocker 
panel 1 of a vehicle body A will be used as an example 
of a representative hollow structural member. As best 
shown in FIGS. 1 and 3, the rocker panel 1 is construct- 
ed from an elongated inner panel 2 having flanges 3 ex- 
tending along the peripheral edges of the elongated in- 
ner panel 2, and an elongated outer panel 4 having 
flanges 5 extending along the peripheral edges of the 
elongated inner panel 2. As will be readily appreciated, 
each of the inner panel 2 and the outer panel 4 is a two- 
piece construction having a pair of panel pieces. Such 
two-piece panels are used in order to increase the 
strength of the rocker panel. However, each of the pan- 
els 2 and 4 can be of a one-piece construction , if desired. 
The inner panel 2 and the outer panel 4 preferably are 
welded at flanges 3 and 5 by spot welding, so that the 
rocker panel 1 has an elongated, enclosed hollow struc- 
ture and has a longitudinally extending cavity 6 inside 
the hollow structure. 

[0021] As best shown in FIGS. 1 to 3, a shaped foam- 
able structure 10 is preferably fixed within the cavity 6 
of the rocker panel 1 . This shaped foamable material 1 1 
can be expanded to fill the cavity 6 and reinforce the 
rocker panel 1. The shaped foamable structure 10 is 
preferably constructed from a shaped foamable material 
1 1 that is in an unfoamed state, and an attaching means 
or a pair of support members 30 for positioning the 
shaped foamable material 11 in the cavity 6. Each of the 
support members 30 can be a folded plate-like member 
that is formed of a steel plate and has a fixture base 31 
and a support wall 32 that cross at right angles. Other 
designs for the support member naturally may be uti- 
lized. 

[0022] The support members 30 are preferably dis- 


posed In the cavity 6 of the rocker panel 1 at desired 
intervals in such a way that the support walls 32 are fac- 
ing each other and are substantially perpendicular to the 
longitudinal direction of the cavity 6. The fixture bases 
5 31 of the support member 30 can be secured to an inner 
surface of the rocker panel 1 by spot welding or other 
such fixing methods, so that the support members 30 
are attached to the cavity 6. As best shown In FIG. 1, 
the support wall 32 of each support member 30 prefer- 
to ably has a non-circular opening 33 that is formed at the 
center of each support wall 32. The opening 33 may 
have a variety of shapes, although it preferably has a 
rectangular shape in this embodiment. 
[0023] As will be readily appreciated, the fixture bases 
« 31 may be secured to the bottom surface of the outer 
panel 4 before the inner panel 2 and outer panel 4 are 
welded at flanges 3 and 5 in order to form the rocker 
panel 1 . In other words, the inner panel 2 and the outer 
panel 4 provided with the support members 30 are 
20 joined to each other, thereby forming the hollow rocker 
panel 1 that receives the support members 30 in the cav- 
ity 6 of the hollow rocker panel 1 . 
[0024] As best shown in FIG. 3, the support wall 32 of 
each support member 30 has an external dimension suf- 
& ficientty smaller than the dimension of the transverse 
cross section of the cavity 6, so as to form a clearance 
between the periphery of the support member 30 and 
the inner surface of the rocker panel 1 . This clearance 
is intended to permit paint to flow within the cavity 6 of 
so the rocker panel 1 along the inner surface of the rocker 
panel 1 , when the vehicle body A is dipped into a paint 
bath. As will be recognized, the paint can be introduced 
into the cavity 6 through paint introduction holes (not 
shown) that may be formed in the rocker panel 1 . 
35 [0025] In this representative embodiment, although 
the pair of support members 30 are secured to the inner 
surface of the rocker panel 1 by spot welding, the sup- 
port members 30 can be secured together using other 
securing means, such as screws, clips, magnets and 
40 adheslves, etc. In addition , the support members 30 can 
be made from heat-resistant synthetic resins or other 
such materials instead of a metal, such as steel. 
[0026] Further, as shown in FIGS. 1 and 2, the shaped 
foamable material 11 can be a one piece element and 
45 can be supported by the pair of support members 30. 
The shaped foamable material 11 may preferably be 
constructed from a series of plate-like foamable pieces 
12 that are arranged in parallel with desired clearances 
13, a plurality of connecting pieces 14 that integrally in- 
50 terconnect the foamable pieces 1 2 at their central parts, 
and a pair of engagement projections 17 that are inte- 
grally provided on the foamable pieces 12 that are po- 
sitioned at both ends of the series, respectively. As best 
shown In FIG. 2, these engagement projections 17 may 
55 project outward in an opposite relation and can engage 
the openings 33 of the support members 30. Each en- 
gagement projection 17 may preferably be adapted to 
tightly fit into the opening 33 that is formed in the support 
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wall 32 of each support member 30. That is, the engage- 
ment projection 1 7 may, for example, have a rectangular 
cross section that corresponds to the rectangular cross 
section of the opening 33. Therefore, the support mem- 
bers 30 can non-rotatably fix the shaped foamable ma- * 
terlal 11 when each engagement projection 17 Is insert- 
ed into the opening 33 of the support member 30. 
[0027] Moreover, as best shown in FIG. 3, each of the 
foamable pieces 12 in the unfoamed state preferably 
has an outer dimension that substantially conforms to 10 
the transverse cross-sectional configuration of the cav- 
ity 6. Further, the external dimension may be slightly 
smaller than the dimension of the transverse cross sec- 
tion of the cavity 6, so that a clearance exists between 
the periphery of the foamable pieces 12 and the inner « 
surface of the rocker panel 1 . This clearance is intended 
to permit paint to flow in the cavity 6 of the rocker panel 
1 along the inner surface of the rocker panel 1 , when 
the vehicle body A is dipped into the paint bath. 
[0028] While various compositions can be utilized to 
form the shaped foamable material 11 (i.e., the foama- 
ble pieces 1 2, the connecting pieces 1 4 and the engage- 
ment projections 1 7), it Is preferably made of a foamable 
material, such as foaming agents containing synthetic 
resinous materials, that can foam or expand at temper- *5 
atures from about 110° C to about 190° C to provide a 
foamed product 20 (FIGS. 4 and 5). in addition, the 
foamable material preferably contains metal adhesive 
resins, fibrous materials and other additives, so as to 
produce a foamed product 20 that has high rigidity when 30 
it is expanded within the above-noted temperature 
range. By way of example, the foaming agents may be 
azodicarbonamide (ADCA), oxy-bis(benzenecarbonyl 
hydrazide), dlnitrosopentamethylenetetramine or other 
similar compounds. The metal adhesive resins may be 35 
an ethylene-methyl acrylate copolymer resin (EMA), an 
ethylene-ethyl acrylate copolymer (EEA), an etylene- 
butyl acrylate copolymer (EBA) or other similar com- 
pounds. The fibrous materials may be glass fibers, or- 
ganic fibers or other fibers. Further, the foamable mate- 40 
rial preferably is formulated so as to expand at an ex- 
pansion ratio of about 2 to 5. Further examples of rep- 
resentative foamable material that can be used with the 
present teachings are disclosed in US Patent No. 
5,631 ,304 and US Patent 6,403,668. 
[0029] A representative method for incorporating the 
shaped foamable structure 10 into the cavity 6 of the 
rocker panel 1 and subsequent operations will now be 
described. Specifically, the fixture base 31 of one of the 
support members 30 may be first secured to the bottom so 
surface of the outer panel 4 by spot welding or other 
such methods in such a way that the support wall 32 is 
substantially perpendicular to the longitudinal direction 
of the outer panel 4. The inner panel 2 and outer panel 
4 may then be welded at flanges 3 and 5 in order to form & 
the rocker panel 1. Subsequently, one of the engage- 
ment projections 1 7 of the shaped foamable material 1 1 
may be Inserted into the opening 33 of the support wall 


32 of the secured support member 30. Support member 
30 may be positioned on the bottom surface of the outer 
panel 4 In such a way that Its support wall 32 faces the 
support wall 32 that was previously secured to the outer 
panel 4. At the same time, the second engagement pro- 
jection 17 of the shaped foamable material 11 may be 
inserted into the opening 33 of the support wall 32 of 
this support member 30. Under this condition, the fixture 
base 31 of the second support member 30 can be se- 
cured to the bottom area of the outer panel 4 by spot 
welding or other such methods. Thus, the shaped foam- 
able structure 1 0 is attached to the outer panel 4 in a 
manner that the foamable pieces 1 2 of the shaped foam- 
able material 11 are preferably arranged in series along 
the longitudinal direction of the outer panel 4. 
[0030] Subsequently, the inner rocker panel 2 and the 
outer rocker panel 4 are welded at flanges 3 and 5 there- 
of by spot welding to form the rocker panel 1 having the 
shaped foamable structure 1 1 disposed in the cavity 6. 
As a result, the shaped foamable structure 10 Is at- 
tached in the cavity 6 of the rocker panel 1 in such a way 
that the shaped foamable material 1 1 extends along the 
longitudinal direction of the cavity 6. As shown in FIGS. 
2 and 3, the shaped foamable material 11 is preferably 
retained within the cavity 6 without contacting the inner 
surfaces of the panels 2 and 4, so as to form a clearance 
between the periphery of the shaped foamable material 
11 and the inner surface of the rocker panel 1 . 
[0031] Thereafter, the entire rocker panel 1 may op- 
tionally be introduced into the paint bath. During this dip 
painting operation, the paint coats the outer surface of 
the rocker panel 1 . The paint also enters the cavity 6 
through paint Introduction holes (not shown) that may 
be formed in the rocker panel 1 . Thus, the paint also 
coats the cavity surfaces of the rocker panel 1 . As will 
be easily understood, the paint introduced into the cavity 
6 will be effectively applied to the inner surfaces of the 
rocker panel 1 , because the shaped foamable material 
11 is retained without contacting the inner surfaces of 
the rocker panel 1. As a result, the paint may suitably 
coat the cavity surfaces of the rocker panel 1 without 
leaving any un-painted portions. 
[0032] The rocker panel 1 can be heated using any 
suitable external heating source to both bake the paint 
coat and heat the shaped foamable material 11 within 
the cavity 6. As a result, the heated shaped foamable 
material 11 (i.e., the foamable pieces 12, the connecting 
pieces 14 and the engagement projections 17) will ex- 
pand to produce the foamed product 20, as shown in 
FIGS. 4 and 5. The foamed products 20 thus produced 
reliably adhere to the entire interior surface of the rocker 
panel cavity 6. As a result, the foamed product 20 fills 
or closes the cavity 6, thereby providing excellent damp- 
ing and sound insulation powers, as well as rigidity, to 
the rocker panel 1. 

[0033] It is important to note that when the shaped 
foamable material 11 is heated by the external heat 
source, the heat can be effectively conducted to the 
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shaped foamable material 11 , due to the clearances 13 
provided between the foamable pieces 12. As a result, 
the shaped foamable material 11 can be quickly and uni- 
formly heated, so as to foam at a desired expansion ratio 
in a short amount of time. Therefore, such a shaped * 
foamable structure 10 may be specifically useful, if the 
rocker panel 1 has a large cross-sectional area. 
[0034] Also, as best shown in FIG. 4, when the 
shaped foamable material 11 is expanded by heating, 
the support walls 32 of the support members 30 may 10 
effectively prevent the foamed product 20 from inappro- 
priately expanding in the longitudinal direction of the 
cavity 6, because the shaped foamable material 11 is 
retained between the support members 30 that are ar- 
ranged perpendicular to the longitudinal direction of the '* 
cavity 6. Therefore, the foamed product 20 desirably fills 
or closes the cavity 6 of the rocker panel 1 and reliably 
adheres to the entire cavity surface. This feature may 
further contribute to Increasing damping and sound in- 
sulation powers and rigidity of the rocker panel 1 . 20 
[0035] In this embodiment, each of the foamable piec- 
es 12, the connecting pieces 14 and the engagement 
projections 1 7 can be formed by injection molding the 
foamable material. 

[0036] A second representative embodiment, which is 25 
closely related to the first representative embodiment, 
is shown in FIGS. 7 and 8. Therefore, only constructions 
that are different from those constructions described in 
the first representative embodiment will be explained 
with respect to the second representative embodiment so 
[0037] As shown in FIGS. 7 and 8, the shaped foam- 
able material 11 is substantially constructed from a plu- 
rality of foamable pieces 12 and one specially formed 
foamable piece 1 2a, which pieces are formed separate- 
ly from each other. Preferably, each of the foamable & 
pieces 12 has a tenon 15 to serve as a connecting 
means, which tenon 15 is provided on at feast one sur- 
face of each foamable piece 1 2. The tenon 1 5 preferably 
has a rectangular cross section and a desired length. 
Moreover, each foamable piece 1 2 has a corresponding <o 
mortise 1 6 to serve as the connecting means, which 
mortise 1 6 is formed on the opposite surface from the 
tenon 15. The tenon 15 and mortise 16 are preferably 
formed to fit tightly together and the depth of the mortise 
1 6 is preferably less than the length of the tenon 1 5. 45 
[0038] On the other hand, unlike the normal piece 1 2, 
the special foamable piece 12a has tenons 15 provided 
on both surfaces. These tenons 15 preferably project in 
opposite directions and are aligned with each other. 
[0039] The normal foamable pieces 12 and the spe- so 
cial foamable piece 12a may be arranged in series in 
such a way that the tenons 15 and the mortises 16 are 
adjacent to each other. Thereafter, the respective ten- 
ons 15 are press fitted into the respective mortises 16, 
thereby producing the shaped foamable material 11 in ss 
which the foamable pieces 12 and 12a are arranged in 
parallel with desired clearances 13. 
[0040] As will be easily recognized, in the shaped 


foamable material 11 thus constructed, the tenon 15 of 
the terminal normal foamable piece 12 and the remain- 
ing tenon 1 5 of the special foamable piece 1 2a function 
as engagement projections that engage the openings 
33 that is formed in the support wall 32 of each support 
member 30. Therefore, each tenon 15 Is preferably 
formed to fit tightly inside each opening 33. 
[0041 ] In this embodiment, the tenon 1 5 has a rectan- 
gular cross section and the mortise 16 has a corre- 
sponding rectangular shape so as to tightly fit with the 
tenon 15. However, the shapes of the tenon 15 and the 
mortise 1 6 are not limited to such a shape. For example, 
as shown in FIG. 9, the tenon 15 can be provided with 
a removed part 1 5a along the entire length thereof, and 
the mortise 1 6 can be provided with a corresponding re- 
moved part 16a extending therethrough. In other words, 
the tenon 1 5 and the mortise 16 can be designed so as 
to have a notched rectangular cross section. As will be 
easily understood, in such a structure, the adjacent 
foamable pieces 1 2 and 1 2a can be necessarily aligned 
in desired directions. As a result, the foamable pieces 
12 and 12a can not be inadvertently coupled in the 
wrong position. Therefore, the shaped foamable mate- 
rial 11 can be easily and reliably manufactured. 
[0042] Further, it is important to note that the shapes 
of the tenon 15 and the mortise 16 are also not limited 
to the notched rectangular cross section. Instead, the 
cross-sectional shape of the tenon 15 and the mortise 
1 6 can be, for example, a trapezoidal shape, a triangular 
shape, a notched circular shape or other such shapes 
that can provide such a connecting function. 
[0043] Moreover, in the first and the second repre- 
sentative embodiments, the shaped foamable material 
1 1 1s positioned and supported in the cavity 6 of the rock- 
er panel 1 by means of the pair of support members 30. 
However, the attaching means is not limited to such sup- 
port members 30. 

[0044] Further, the rocker panel 1 of a vehicle body 
has been utilized as a representative hollow structural 
member. However, the hollow structural member is not 
limited to the rocker panel and may be a pillar, a roof 
side panel or other panels of a vehicle body. Moreover, 
the hollow structural member is not limited to parts of a 
vehicle body, as the present teachings are equally ap- 
plicable to the filling and/or reinforcing of any hollow 
members, such as structural components for buildings 
and ships. 


Claims 

1 . A shaped foamable structure (1 0) for use in a hollow 
structural member (1), comprising a shaped foam- 
able materfal (11) comprising a plurality of Intercon- 
nected foamable pieces (12) and having clearances 
(13) between adjacent foamable pieces (12) for fa- 
cilitating uniform heating of the shaped foamable 
material, characterised In that the foamable piec- 
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es (12) are interconnected by foamable connecting 
pieces (14) orfoamable connecting means (15, 16). 

2. A shaped foamable structure (10) according to 
claim 1, further comprising at least one support s 
member (30) attached to the shaped foamable ma- 
terial (11 ) for positioning the shaped foamable ma- 
terial within a cavity (6) of the hollow structural 
member. 

10 

3. A shaped foamable structure (10) as in claim 1 or 
2, wherein the shaped foamable material (11) has 
a fin-like structure. 

4. A shaped foamable structure (10) as defined in « 
claim 2 or 3, wherein the foamable connecting piec- 
es (1 4) integrally connect the foamable pieces (1 2). 

5. A shaped foamable structure (10) as defined in 
claim 1, 2 or 3, wherein the foamable connecting 20 
means (15, 1 6) comprises a tenon (15) and a cor- 
responding mortise (16) provided on opposite sur- 
faces of each of the respectable foamable pieces 
(12) and wherein the foamable pieces (12) are in- 
terconnected by fitting the tenons (15) within the 25 
mortises (16). 

6. In combination a shaped foamable structure (10) 
according to any one of the preceding claims, and 

a hollow structural member (1), wherein the shaped 30 
foamable structure (10) is fixed within the hollow 
structural member (1 ), such that the exterior surf ace 
of the shaped foamable material (1 1 ) does not con- 
tact the interior surface of the hollow structural 
member (1 ) and the shaped foamable material (11) 35 
can be disposed in the interior of the hollow struc- 
tural member (1 ) such that the foamable pieces (12) 
of the shaped foamable material are arranged along 
the longitudinal direction of the hollow structural 
member (1). 40 

7. The use of a shaped foamable structure according 
to any one of claims 1 to 5 in a method of forming 
a foam product (20) within a hollow structural mem- 
ber (1 ), comprising the steps of: 45 

fixing the shaped foamable structure inside the 
hollow structural member (1) such that the ex- 
terior of the shaped foamable material (11) 
does not contact the interior of the hollow struc- so 
tural member (1), and 

heating the shaped foamable material (11) and 
the hollow structural member (1), whereby the 
shaped foamable material (11) expands to fill 
and adhere to the interior surface of the hollow ss 
structural member (1). 

8. The use as in claim 7, wherein the method further 


comprises dipping the hollow structural member (1 ) 
and shaped foamable material (11) in a paint bath 
before the heating step, so as to coat the entire in- 
terior surface of the hollow structural member (1) 
with paint. 


PatentansprOche 

1. Geformtes aufschaumbares Teil (10) zum Elnsatz 
in einem hohl ausgefQhrten Bauelement (1 ), das ein 
geformtes aufschaumbares Material (11) umfasst, 
das mehrere untereinander verbundene auf- 
sch&umbare Stucke (12) umfasst und mit Zwi- 
schenr&umen (13) zwischen benachbarten auf- 
schdumbaren StOcken (12) versehen ist, urn die 
gleichmaBige Erw&rmung des geformten auf- 
schaumbaren Materials zu erleichtern, dadurch 
gekennzelchnet, class die aufschflumbaren StOk- 
ke (12) durch aufsch&umbare Verbindungsstflcke 
(14) oder aufschdumbare Verbindungsmittel (15, 
16) untereinander verbunden sind. 

2. Geformtes aufschaumbares Teil (10) nach An- 
spruch 1 , das welter mindestens ein Trfigerelement 
(30) enthilt, das an dem geformten aufsch£umba- 
ren Material (11) befestigt 1st, urn das geformte auf- 
schfiurnbare Material in einem Hohlraum (6) des 
hohl ausgefQhrten Bauelementes anzuordnen. 

3. Geformtes aufschaumbares Teil (10) nach An- 
spruch 1 oder 2 f wobel das geformte aufschfium- 
bare Material (11) eine flossenfihnliche Struktur 
aufweist. 

4. Geformtes aufschaumbares Teil (10) nach An- 
spruch 2 oder 3, wobei die aufschSumbaren Verbin- 
dungsstQcke (14) die aufschfiumbaren Stucke (12) 
einstuckig verbinden. 

5. Geformtes aufschaumbares Teil (10) nach An- 
spruch 1 , 2 oder 3, wobei das aufsch&umbare Ver- 
bindungsmittel (15, 16) einen Zapfen (15) und eine 
entsprechende Nut (16) umfasst, die auf gegen- 
Qberiiegenden Fl&chen jedes der jeweiligen auf- 
schSumbaren Stucke (12) angeordnet 1st, und wo- 
bei die aufschdumbaren Stucke (12) durch Einset- 
zen der Zapfen (15) In die Nuten (16) verbunden 
werden. 

6. Verbindung aus einem geformten aufschflumbaren 
Teil (10) nach einem der vorhergehenden Anspru- 
che und einem hohl ausgefQhrten Bauelement (1), 
wobei das geformte aufschdumbare Teil (1 0) in dem 
hohl ausgefQhrten Bauelement (1) befestigt ist, so 
dass die AuBenflache des geformten aufschdum- 
baren Materials (11) die InnenfMche des hohl aus- 
gefQhrten Bauelementes (1) nlcht berOhrt und das 


7 


13 


EP 1 006 022 B1 


14 


geformteaufschdumbare Material (11) in dem Inne- 
ren des hoh! ausgefOhrten Bauelementes (1) ange- 
ordnet sein kann, so dasa die aufschdumbaren 
Stucke (12) des geformten aufschdumbaren Mate- 
rials in der Ldngsrichtung des hoh! ausgefOhrten s 
Bauelementes (1) angeordnet sind. 

7. Verwendung elnes geformten aufschdumbaren 
Teiis nach einem der Anspruche 1 bis 5 in einem 
Verfahren zum Formen eines Schaumproduktes 10 
(20) innerhalb eines hoh I ausgefOhrten Bauelemen- 
tes (1), das die folgenden Schritte umfasst: 

Befestigen des geformten aufschdumbaren 
Teils In dem hohl ausgefOhrten Bauelement (1 ), '5 
so dass die AuSenseite des geformten auf- 
schiumbaren Materials (11) das Innere des 
hohl ausgefOhrten Bauelementes (1) nicht be- 
rfihrt, und 

Erwdrmen des geformten aufschdumbaren 20 
Materials (11) und des hohl ausgefOhrten Bau- 
elementes (1 ), wodurch sich das geformte auf- 
schdumbare Material (1 1 ) ausdehnt, urn die In- 
nenfldche des hohl ausgefOhrten Bauelemen- 
tes (1 ) auszufOllen und an ihr zu haften. 25 

8. Verwendung nach Anspruch 7, wobei das Verfah- 
ren welter das Tauchen des hohl ausgefOhrten Bau- 
elementes (1) und des geformten aufschdumbaren 
Materials (11 ) in ein Farbbad umfasst, bevor die Er- 30 
wdrmung durchgefuhrt wird, so dass die ganze In- 
nenf lache des hohl ausgefOhrten Bauelementes (1 ) 

mft Farbe Oberzogen wind. 


4. Structure expansible form6e (10) seion la revendi- 
cation 2 ou 3, dans laquelle les pifeces de raccorde- 
ment expansibles (14) raccordent cfun seui tenant 
les pieces expansibles (12). 

5. Structure expansible form6e (1 0) selon la revendl- 
cation 1 , 2 ou 3, dans laquelle le moyen de raccor- 
dement expansible (15, 1 6) comprend un tenon (1 5) 
et une mortaise correspondante (16) pr6vue sur 
des surfaces opposes de chacune des pieces ex- 
pansibles (12) respective* et dans laquelle les pie- 
ces expansibles (12) sont interconnect6es en adap- 
tant les tenons (15) dans les mortaises (16). 

6. Combinaison d'une structure expansible form§e 
(1 0) selon I'une quelconque des revendications pre- 
c6dentes et d'un 6l6ment de structure creux (1), 
dans laquelle la structure expansible form£e (10) 
est fixde dans I'6l6ment de structure creux (1) f de 
sorte que la surface exteme du matiriau expansible 
formd (11) n'entre pas en contact avec la surface 
interne de I'6l6ment de structure creux (1 ) et le ma- 
t6riau expansible form6 (11) peut §tre plac6 & Pln- 
t6rleur de I'6l6ment de structure creux (1) de sorte 
que les pieces expansibles (1 2) du mat6riau expan- 
sible form* sont disposes le long de la direction 
longitudinale de I'6l6ment de structure creux (1). 

7. Utilisation d'une structure expansible formee selon 
I'une quelconque des revendications 1 & 5 dans un 
proc&te de formation d'un produit expansible (20) 
dans un 6l6ment de structure creux (1 ), comprenant 
les Stapes de : 


Revendications 

1 . Structure expansible form6e (1 0) k utiliser dans un 
6l6ment de structure creux (1), comprenant un ma- 
t6riau expansible formd (11) comprenant une plura- 
lity de pifeces expansibles interconnect6es (12) et 
pr6sentant des espaces 1(13) entre les pieces ex- 
pansibles adjacentes (12) pour faciliter le chauff age 
uniforme du materiau expansible form6, caracterl- 
s£ en ce que les places expansibles (12) sont in- 
terconnect6es par des pifeces de raccordement ex- 
pansibles (14) ou un moyen de raccordement ex- 
pansible (15, 16). 

2. Structure expansible form£e (10) selon la revendi- 
cation 1 , comprenant en outre au moins un 6l6ment 
de support (30) fix6 au matSriau expansible form6 
(11) pour positionner le matdriau expansible forme" 
dans une cavftt (6) de \'6 lament de structure creux. 

3. Structure expansible formde (10) selon la revendi- 
cation 1 ou 2, dans laquelle le materiau expansible 
form6 (11) a une structure de type & ailettes. 
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fixation de la structure expansible formee & I'in- 
terieur de lament de structure creux (1) de 
sorte que I'exttrieur du materiau expansible 
form6 (11) n'entre pas en contact avec I'intd- 
rieur de I'6l6ment de structure creux (1) et 
chauffage du mat6riau expansible form6 (1 1 ) et 
de I'6l6ment de structure creux (1), le materiau 
expansible formd (11) se dilatant pour remplir 
la surface interne de I'6l6ment de structure 
creux (1)ety adhdrer. 

Utilisation selon la revendication 7, dans laquelle le 
proc6d6 comprend en outre i'immersion de I'6I6- 
ment de structure creux (1) et du materiau expan- 
sible forrn^ (11) dans un bain de peinture avant 
retape de chauffage, de mani&re k revdtir toute la 
surface interne de I'6l6ment de structure creux (1) 
avec de la peinture. 


55 


8 


EP 1 006 022 B1 



9 


EP 1 006 022 B1 



1b 


EP 1 006 022 B1 




11 



ffl lS PAGE BLANKS 


